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INTRODUCTION 26
Methylmercury (MeHg) is a neurotoxin produced via microbial activity of a range of 27 microbes including sulphate reducing bacteria (SRB), iron reducing bacteria, and methanogens 28
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Page 2 of 37 in wetlands and aquatic sediment. Methylmercury production rates depends on both availability 29 of inorganic mercury (Hg) to, and metabolic activity of, methylating organisms (Hintelmann 30 2010). Thus, factors that influence Hg bioavailability (such as pH (Kelly et al. 2003) and 31 sulphur speciation (Benoit et al. 1999) ) and the activity of both methylating and demethylating 32 bacteria (such as temperature (Loseto et al. 2004 ) and organic matter lability (Mitchell et al. 33 2008)) control net MeHg production rates. Sediment MeHg can be taken up by benthic 34 invertebrates or diffused to surface water, and made available to pelagic organisms, ultimately 35 bioaccumulating in fish. In small, depressional wetland ponds that do not support fish 36 communities, such as those in the prairie region, benthic invertebrates may be important vectors 37 of MeHg to terrestrial organisms such as insectivorous birds (Bates and Hall 2012) . Overall, net 38
MeHg production (rate of Hg methylation less the rate of MeHg demethylation) in sediments can 39 ultimately result in biomagnification in aquatic food webs and thus harmful effects to humans 40 and wildlife (Mergler et al. 2007; Scheuhammer et al. 2007) . 41
Wetlands have been identified as important sites of net MeHg production and MeHg sources 42 to downstream systems (St. Louis et al. 1994 ), but there is significant variability in Hg 43 methylation among different wetland types. The Prairie Pothole Region (PPR) of the North 44 American Great Plains extends over 850,000 km 2 and holds ~5-8 million small, depressional 45 wetland ponds (Johnson et al. 2010) . A wide range of hydrologic (permanent water to seasonal 46 drying) and chemical variability (e.g. electrical conductivity, pH, dissolved organic carbon 47
[DOC] concentrations) combined with shallow ponds and warm temperatures, may result in high 48
MeHg production rates in these systems. Concentrations of MeHg are elevated in surface water 49 and sediment of some prairie wetlands in Saskatchewan and North Dakota (Hall et al. 2009; 50 Sando et al. 2007) , suggesting substantial net production of MeHg. 51
Many wetlands and lakes within the PPR are saline, with high sulphate concentrations, 52 although significant spatial and temporal chemical variability has been observed across the 53 region (Last, 1999) . The PPR is underlain by pyrite-rich sediment; the weathering and oxidation 54 of pyrite, climatic factors, and groundwater dynamics are responsible for observed high sulphate 55 concentrations (Goldhaber et al. 2014) . Sulphur isotopes also show strong support for microbial 56 sulphate reduction within this system (Goldhaber et al. 2014 ). The possible stimulative or 57 inhibitive links between sulphate dynamics and MeHg production have not been explored in the 58 techniques (Mitchell and Gilmour 2008; Lehnherr et al. 2012b) . 100 μl of an ~4 μg mL -1 119 solution of 96.17% enriched 201 Hg was injected, using a gas-tight borosilicate glass syringe and 120 stainless steel needle, through each of the septa within the top 10 cm of each core. The injected 121 solution was prepared using a 201 HgCl stock solution equilibrated for 1-2 hours with native pore 122 water. The intended amount of Hg injected into cores was less than double the THg in sediment. 123
Direct analyses of THg isotope in sediment indicated that Hg contents were increased by 8-66% 124 of the ambient THg. After injection of the enriched Hg isotope solution, cores were incubated at 125 ambient field temperature (mean 19.6°C; range = 17-22 °C) for 4 hours, then sectioned into 2 cm 126 sections, placed in 120 ml polypropylene containers, frozen on dry ice, and subsequently freeze 127 dried and homogenized. 128
Water Sampling 129
Porewater was sampled for THg, MeHg, DOC and sulphate concentrations, pH, and 130 electrical conductivity. The day before the incubations a 10-cm diameter acrylic core tube was 131 used to create 10-20 cm deep holes adjacent to the core sampling areas. Sampling holes were 132 left overnight to allow water to accumulate and sediment particles to settle. Porewater samples 133
were then taken from approximately 1-2 cm below the accumulated water surface using a 134 peristaltic pump outfitted with acid-washed Teflon sample tubing and dispensed into pre-cleaned 135 125 mL glass bottles with fluoropolymer resin lined lids. Using ultraclean handling techniques, 136 a perfluoroalkoxy filter cartridge containing an ashed 47 mm, 45µm Whatman quartz fibre filter, 137 was used to filter porewater collected for THg and MeHg concentrations. Samples for porewater 138
THg and MeHg concentrations were preserved with trace metal grade HCl (0.2% and 0.4% by 139 volume, respectively) and refrigerated until analysis. Methylmercury results from one of the 140 wetland ponds in the July sampling event (Pond 139) are not reported due to filter damage. 141
Porewater electrical conductivity and pH were measured with a YSI 556 multiprobe sonde. 142
Surface water was sampled for THg, MeHg, DOC and sulphate concentrations, pH, and 143 electrical conductivity exactly as described for pore waters except that samples were collected by 144 wading into the centre of the wetland and sampling water from ~5-10 cm beneath the surface. 145 (Table S2) . Average spike recoveries were between 85 ±4% and 178 107±10% (Table S2) . Minimum detection limits for water and sediment were less than 0.3 ng L -179 1 for THg and 0.02 ng L -1 for MeHg. Samples below the MeHg detection limit were assigned a 180 value of half the detection limit (0.01 ng L -1 ). 181
Sample Analysis 146
Sediment MeHg and THg Concentrations and Methylation Potentials 147
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Partitioning coefficients 182
The apparent porewater / sediment partitioning coefficients (log K D ) were calculated as the 183 base-10 logarithm of the concentration in sediment (ng/kg) divided by the concentrations in 184 porewater (ng/L) (Lyon et al. 1997) . 185
Statistical Analysis 186
Data with non-normal distributions were identified using Kolmogorov-Smirnov tests and 187 natural log transformed when necessary. porewater. There were no significant differences in any parameters between July and August 209 (See Fig. 1 for p values) . 210 any of these variable and potential methylation rate constants (see Table S7 for r 2 and p values). 239
Differences in Hg and
Linear regressions also showed that neither pore water THg and MeHg concentrations nor 240 porewater %MeHg predicted surface water MeHg concentrations (Table S7 ). However, there 241 were significant relationships between surface water MeHg concentrations and %MeHg in 242 sediment in July and August ( Concentrations of MeHg and THg, and %MeHg in SDNWA wetland sediments were also 261 generally similar to, or lower than, those in other freshwater ecosystems (Table 1) evidence suggests that systems with high sulphate concentrations and high SRB activity result in 284 a corresponding increase in sulphide concentrations, which can have an inhibitory impact on 285 methylation (Benoit et al. 2001) . Unfortunately, we did not sample our sites for sulphide 286 concentrations; however, qualitative observations of high sulphide, such as a distinct odor of H 2 S 287 gas and bands of dark sediment in the cores, suggest that sulphide concentrations in our High 288 SO 4 wetlands were higher than in Low SO 4 wetlands. As a result, we expected lower potential 289 methylation rate constants in these high sulphate wetlands because sulphate concentrations were 290 well into the range in wetland systems wherein sulphide accumulation is expected to inhibit Hg 291 bioavailability (>~10-100 mg L -1 ; Gilmour et al., 1998; Benoit et al. 2003) . It was thus 292 surprising that we did not observe significant differences in k m values between High SO 4 and 293 Low SO 4 wetlands. Our small amount of data does suggest that rate constants were lower in 294
High SO 4 wetlands (Fig. 2) . 295
We also suspect that high electrical conductivities (driven by high sulphate concentrations) 296 were a major driver of low K D 's in our systems. Partitioning coefficients for both THg and 297 MeHg in our systems were among the lowest presented in the literature (see summary in Liu et 298 al. 2011) which indicates a preferential movement of Hg into porewater, compared to other 299 freshwater environments. While we lack quantitative sulphide data, the very high sulphate 300 concentrations observed in High SO 4 wetlands, coupled with the reducing conditions of these 301 wetlands and distinct H 2 S odours, lead us to speculate that significant porewater sulphide 302 accumulation may be preferentially pulling Hg into the porewater phase. Sulphides are very 303 strong ligands for Hg species, with either dissolved sulphides themselves, polysulphides, or thiol 304 functional groups on dissolved organic matter likely responsible for the significant partitioning 305 of Hg into porewater observed in our study (Skyllberg 2008 in some of our wetland systems likely led to greater Hg solubility than is normally observed. 309
High SO 4 wetlands did have significantly higher MeHg concentrations and %MeHg in both 310 sediment and surface water (Fig. 3) . Two possibilities may explain this difference. First, Low 311 SO 4 wetlands were located at higher elevations of the study site and had lower DOC 312 concentrations and less overhanging riparian vegetation surrounding them. As a result, these 313 sites potentially experienced greater rates of photodemethylation, which in turn would result in 314 lower concentrations of MeHg in the water column of Low SO 4 wetlands (Lehnherr et al. 315 2012a). Since our sites were shallow, usually less than 1.5 m deep, there is the potential for light 316 penetration to the sediment, which might also result in more photodemethylation at the sediment 317 surface. Second, and perhaps most important, the flux of MeHg from sediment porewater to 318 surface water may have been higher in High SO 4 wetlands compared to Low SO 4 wetland ponds. 319
This could explain the higher surface water MeHg concentrations in those systems. In reality, it 320 is likely that a combination of these possibilities explains increased MeHg concentrations (and 321 corresponding %MeHg) in water in High SO 4 wetlands compared to Low SO 4 wetlands. 322
Why do k m values not relate to MeHg concentrations in surface water? 323
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In our study, methylation potentials were not correlated with porewater THg, sulphate, and 324 DOC concentrations or sediment %OM, THg concentrations or %MeHg. This was unexpected: 325 all of these parameters have been shown to impact methylation in other sediment and wetland 326 systems, though not all in every system. Most surprising was the absence of a relationship 327 between measured k m values and sediment MeHg concentrations, which may be due to 328 significant variation in demethylation rates which were not measured in our study. It is also surprising that we did not see a positive relationship with sediment %OM. In 342 systems with higher organic matter content, we would expect two processes to impact potential 343 methylation. First, sediments rich in OM tend to have higher oxygen penetration compared to 344 sediment with less OM (Cai and Sayles 1996) , which may inhibit the activity of anaerobic Hg 345 methylating microbes. This has been observed in other systems; methylation potentials in 346 organic sediment of Chesapeake Bay were highest in surface sediments as oxygen penetration 347 was limited to several millimetres, while in sandy sediments of the mid-Atlantic continental shelf 348 oxygen penetration was several centimetres and methylation potentials were higher below the 349 oxic surface sediment (Hollweg et al. 2009 ). Secondly, systems with higher %OM tend to have 350 higher rates of microbial activity, and hence greater rates of both methylation and demethylation, 351 productive lakes were lower than those nesting on prairie lakes. Predatory insects, and 361 waterfowl preying on those organisms, have higher concentrations than those at lower trophic 362 levels (Hall et al. 2009; Bates and Hall 2012) . Regardless of the organisms studied, the fact 363 remains that the vast majority of MeHg exposure to biota is as a result of in situ MeHg 364 production and therefore in order to adequately understand the potential risk to organisms, we 365 must understand net MeHg production. However, our work suggests that, although the 366 measurement of potential methylation rate constants are important to the understanding of 367 mercury cycling in wetlands, from a management perspective, measuring MeHg concentrations, 368 as well as the %MeHg, in surface water may be sufficient to predict and assess MeHg risks to 369 biota. 370
Conclusion
371
Mercury methylation potentials in July in prairie pothole wetland pond sediments were 372 similar to those in other freshwater systems. Within prairie ponds, %MeHg and MeHg 373 concentrations tended to be higher in High SO 4 wetland sediment compared to Low SO 4 374 wetlands. Our work suggests that measuring MeHg concentrations, rather than methylation 375 potentials, in surface water may be a better method in predicting and assessing MeHg risks to 376 biota. We also suggest the measurement of potential demethylation rates (especially in prairie 377 wetlands which have significant amounts of incident radiation) accompany measurement of 378 potential methylation measurements. Future research in prairie wetlands on the removal of 379
MeHg through demethylation in sediments, and photodemethylation in the water column, will 380 increase understanding of net methylation and factors leading to differences in MeHg 381 concentrations in surface water, and hence biota, among wetlands. Differences in surface water 382
MeHg concentrations in High SO 4 wetlands compared to Low SO 4 wetlands may be a 383 consideration that stakeholders in wetland protection, reclamation, or creation consider. If it ispossible to influence sulphate concentrations of wetlands during reclamation or creation and 385 subsequent management, it might be prudent to create low sulphate ponds preferentially. Table S7 for r   2   599 and p values. Regression lines are only included for significant relationships. 600 Fig. 1 . 
